Purpose: We determined the association between urology consultation and emergency department revisits for children with urinary stones. Materials and Methods: This retrospective cohort study included patients 18 years old or younger who presented to an emergency department in South Carolina with a urinary stone from 1997 to 2015. The primary exposure was urology consultation during the index emergency department visit. The primary outcome was a stone related emergency department revisit occurring within 180 days of discharge from an index emergency department visit. Secondary outcomes included computerized tomography use, inpatient admission and emergent surgery. Results: Of 5,642 index emergency department visits for acute urinary stones 11% resulted in at least 1 stone related emergency department revisit within 180 days. Of revisits 59% occurred within 30 days of discharge and 39% were due to pain. The odds of emergency department revisit were highest within the first 48 hours of discharge home (OR 22.6, 95% CI 18.0 to 28.5) and rapidly decreased thereafter. Urology consultation was associated with a 37% lower adjusted odds of emergency department revisit (OR 0.63, 95% CI 0.44 to 0.90) and 68% lower odds of computerized tomography use across all emergency department visits (OR 0.32, 95% CI 0.15 to 0.69). Among patients who revisited the emergency department the frequency of pain complaints was 27% in those with a urological consultation at the index visit and 39% in those without. Conclusions: Urology consultation was associated with decreased emergency department revisits and computerized tomography use in pediatric patients with urinary stones. Future studies should identify patients who benefit most from urology consultation and ascertain processes of care that decrease emergency department revisits among high risk patients.
URINARY stone disease has historically been considered an adult disease. However, the incidence of nephrolithiasis during childhood has doubled since 1996. 1, 2 During this time the increase in health care costs for pediatric stone disease has outpaced medical inflation and the The corresponding author certifies that, when applicable, a statement(s) has been included in the manuscript documenting institutional review board, ethics committee or ethical review board study approval; principles of Helsinki Declaration were followed in lieu of formal ethics committee approval; institutional animal care and use committee approval; all human subjects provided written informed consent with guarantees of confidentiality; IRB approved protocol number; animal approved project number.
Study was deemed exempt from Children's Hospital of Philadelphia review board approval. amount of health care dollars spent has quadrupled. 3, 4 The shift in disease onset to childhood means that pediatric providers must evaluate and treat a previously uncommon condition with limited evidence to inform care. This situation increases the possibility of overtesting or undertesting, unnecessary irradiation and inappropriate health services utilization such as emergency department revisits.
ED revisits account for substantial health care utilization. For example 6% of pediatric asthmatic patients revisit the ED within 30 days of an index visit and 14% within 60 days. 5 Despite the rapid increase in the incidence of pediatric nephrolithiasis, the ED revisit rate for children with urinary stones is unknown. ED revisits often reflect failure to adequately evaluate and treat a condition at an initial encounter, and, therefore, increase morbidity and unnecessary health care expenditures.
6e9 Because many patients with nephrolithiasis initially present to the ED, identifying clinical care practices that decrease ED revisits may facilitate timely, appropriate care and decrease costs.
To date, no studies of adults or children have examined whether urological consultation at the initial ED visit, a modifiable process of care, is associated with ED revisits. In this population based cohort study we determined the ED revisit rate among children with urinary stones and examined the association between urology consultation and ED revisit.
PATIENTS AND METHODS

Study Design and Population
We performed a retrospective cohort study using South Carolina Medical Encounter Data, which contains encounter level data for patients treated at in-state hospitals from December 30, 1995 to September 30, 2015. This all-payer claims database by law captures all ED visits, surgeries and hospital admissions. The database is frequently audited and must be 99.9% accurate and 99.5% complete. 2 It contains patient level data including ICD-9 codes, physician specialty codes as defined by the American Medical Association, payer classification and unique patient identifiers. Identifiers allow patients to be tracked across all 710 freestanding acute care hospitals in South Carolina.
We included all patients 18 years old or younger residing in South Carolina who presented to an in-state ED for a urinary stone, defined by first-time primary ICD-9 code(s) for kidney or ureteral stones (supplementary Appendix, http://jurology.com/). We defined an index ED visit as a first-time ED visit for urinary stones or a subsequent ED visit that occurred more than 180 days from the discharge date of a prior stone visit. Index visits occurring after April 3, 2015 were excluded to allow for a 180-day followup period. Children who underwent scheduled stone surgery and those diagnosed during an inpatient hospitalization before an index visit were excluded to ensure that index visits were not sequelae from prior surgery. Patients with missing demographics or discharge status and those who died before discharge were also excluded ( fig. 1 ). Age was defined at date of the index visit.
This study was designed using the Healthcare Cost and Utilization Project Methods Series for Methodological Issues when Studying Readmissions and Revisits. 10 It was deemed exempt from Children's Hospital of Philadelphia review board approval. 
Outcome
The primary outcome was a stone related ED revisit, defined as an ED visit with a primary or secondary ICD-9 code for urinary stones that occurred within 180 days of discharge from an index visit. We chose 180 days because most spontaneous passage or elective intervention occurs within 6 months of diagnosing a symptomatic stone. 11, 12 Reasons for revisits were identified using primary and secondary ICD-9 codes (supplementary Appendix, http://jurology.com/). Secondary outcomes included CT use, inpatient admission and emergent surgery, identified using ICD-9 procedure codes and hospital charge codes.
Exposure and Covariates
The primary exposure was urology consultation during the index ED visit, defined by physician specialty codes. Patient level covariates included age, gender, race, insurance status, urban/rural residence and history of nephrolithiasis. Hospital level covariates included bed number, teaching status and pediatric hospital designation. Geographic level covariates included pediatrician and urologist density defined at the county level using the United States Department of Health and Human Services Area Health Resources Files Database.
Statistical and Sensitivity Analyses
To examine how the revisit risk changed through time, we used a discrete time failure model to estimate the odds of revisit in the 180 days after discharge. Time elapsed since discharge was categorized as 1 to 2, 3 to 5, 6 to 7, 8 to 14, 15 to 60 and 61 to 180 days. This categorization provided granularity in revisit odds shortly after discharge when revisits were hypothesized to be highest. We adjusted for hospital and county level urologist density as linear terms in the model.
Multivariable logistic regression was used to estimate the association between urology consultation at index ED visit and revisit, categorized as ever/never and adjusted for the aforementioned patient and hospital level covariates, county level urologist and pediatrician density, and hospital as linear terms. We did not use a discrete time failure model for this analysis since variation in the magnitude of the association between consultation and ED revisit through time has limited clinical implications. Logistic regression was also used to estimate the association between urology consultation and CT use across ED visits. Analyses were performed using R 3.2.2 software (R Project for Statistical Computing, http://www.r-project. org) and SASÒ 9.4 software. Tests were 2-sided and statistical significance was set at p <0.05. Sensitivity analyses excluded 1) patients with complex chronic conditions, 13 given their increased likelihood of ED visits (supplementary Appendix, http://jurology.com/), 2) visits that involved a hospital transfer since there is no consensus on treating transfer patients in revisit studies, 3) patients who did not undergo CT or US at the index visit since imaging is necessary in diagnosis, 4) patients who underwent surgery at the index visit and 5) subsequent index visits such that each patient in the data set only contributed 1 index visit.
RESULTS
Patient Characteristics
A total of 6,866 children visited a South Carolina ED for urinary stones between 1996 and 2015 ( fig. 1,  table 1 ). Of the patients 58% were female, 94% were 10 to 18 years old and 84% presented to a nonpediatric hospital. Of the 5,037 children who met eligibility criteria 4,554 had 1 index ED visit, 394 had 2 and 89 had 3 or more, resulting in 5,642 index ED visits. Of these visits 601 (11%) resulted in admission to the hospital and 375 (7%) resulted in emergent surgery. Of the visits 73% involved CT and 5% involved US. For patients with 1 or more index ED visits the median length of time between index visits was 567 days (IQR 338 to 971, supplementary figure, http://jurology.com/).
ED Revisits
Of the 5,642 index ED visits 584 (10%) attributable to 552 patients (11%) resulted in at least 1 stone Among patients with ED revisits 39% underwent 2 CTs at the ED within 6 months of the index visit (table 3) . Across all stone related ED visits the odds of undergoing any CT were 68% lower for those with vs without a urological consultation at the index Figure 2 . Adjusted odds of ED revisit by days from index ED visit (supplementary  table 3 , http://jurology.com/). The direction of the association was the same excluding children who underwent surgery at the index visit but was no longer statistically significant (OR 0.87, 95% CI 0.50 to 1.50).
DISCUSSION
In this population based cohort study 11% of 5,037 children who presented to the ED with urinary stones in South Carolina revisited the ED within 180 days. Nearly 60% of revisits occurred within 30 days of the initial ED visit, with the greatest odds of ED revisit within 48 hours. ED revisits resulted in increased health services utilization, including surgery and admission. Patients who revisited also underwent more CTs overall, with 39% undergoing 2 or more scans in the ED within 6 months. Urology consultation was associated with a 37% decreased odds of ED revisit, 68% lower odds of CT use and fewer pain complaints.
Presuming that many ED revisits are preventable, our study adds to the literature on appropriate initial resource utilization to improve health outcomes.
14 This is the first known study to evaluate ED revisits for pediatric nephrolithiasis, and has several strengths that distinguish it from prior studies. We were able to identify specialist consultation, which is often absent from administrative data sets. Therefore, we could extend on prior studies that revealed an association between lower urologist density and increased odds of ED revisits in adults. 15 In addition, the database is audited for accuracy and completeness, contains unique patient identifiers and includes all patients regardless of payer status. Using the unique identifiers, we tracked patients across all EDs in South Carolina, identifying revisits that occurred at EDs different than the index visit. Including all South Carolina EDs increased generalizability since the majority of care was delivered at general hospitals and 45% of patients were uninsured or publicly insured.
The most likely explanation for the association between urology consultation and decreased ED revisits is that early consultation facilitates early surgical intervention. In this study 65% of children seen by a urologist at the index ED visit underwent surgery at the same visit. Early surgery would prevent return visits for failed stone passage and associated pain. However, surgery may not prevent all future ED visits as prior studies have demonstrated that 15% of adults visit the ED following ureteroscopy. 16 We found that 6% of children who underwent surgery at the index episode revisited the ED. Urological consultation may also inform medical management of stones. A prior study showed that only 13% of pediatric candidates for MET received prescriptions from ED providers and odds of MET utilization were greater in patients seen by urologists vs generalists. 17 These findings suggest that ED providers may be less aware of the recommendations for MET use in children with uncomplicated ureteral stones. 18 Urology consultation may also facilitate outpatient followup. This hypothesis is supported by Scales et al, who reported that lower per capita urology density was associated with greater odds of ED revisits, suggesting that access to urologists may impact revisit risk. 15 While 30% of adults with symptomatic stones follow up with a urologist after ED discharge, 19 the rate of followup among children remains unknown, although it is presumably higher given cultural hypervigilance with pediatric patients.
We found that across all stone related ED visits children evaluated by a urologist at the index visit were 68% less likely to undergo CT than those not seen by a urologist. This finding represents a substantial reduction in radiation exposure for children with urinary stones, who are also exposed to radiation during surgical treatment and followup. Although the American Urological Association recommends US as the initial imaging study for children with suspected stones, CT remains the most commonly ordered initial diagnostic imaging study in the emergency department. 20 Because emergency medicine professional organizations do not have similar guidelines, urologists may help guide appropriate imaging at the initial evaluation. However, imaging decisions may have preceded urology involvement.
We identified several patient level factors associated with ED revisit. Publicly insured patients were more likely to revisit than privately insured, which is consistent with prior reports that publicly insured patients are less likely to be admitted 21 and receive opioids, 22 and are more often denied appointments for outpatient specialists. 23 History of nephrolithiasis was also associated with increased revisits. One explanation is that repeat stone formers may have visceral nervous system hypersensitization, 24, 25 potentially resulting in greater perceived pain for repeat stones. Alternatively repeat stone formers may seek care more readily if their course diverges from past experience. We also found that older children were more likely to revisit. Prior studies have revealed that adult stone formers younger than 30 years old have the highest risk of revisit. 26 Therefore, there may be a convergence of the revisit risk in young adulthood.
Our study has several limitations that can be addressed in future studies. We lacked clinical characteristics that are likely determinants of ED revisit risk. Patients for whom urology was consulted would likely be sicker or have more significant stone disease, and, therefore, may be more likely to return to the ED. However, we found that these potentially higher risk patients were less likely to return to the ED. Future studies should determine the clinical characteristics of patients at greatest risk for revisit (eg stone size and location, pain level), identify patients most likely to benefit from urological consultation and examine the costeffectiveness (value) of urological consultation.
We also did not account for informal inpatient consultation (ie telephone call) or outpatient visits or imaging. In addition, we did not identify patients who scheduled surgery after the index visit and may have revisited for a reason related to the surgery. Given the steep decline in the odds of ED revisit with time after discharge home, it is unlikely that ED visits after interim scheduled surgery accounted for a substantial number of cases. Future research to evaluate the risk of ED visits after pediatric stone surgery would complement the findings from this study.
Finally, the study lacked pharmacy data for pain medications and/or MET, which could help elucidate the processes of care that might explain the association between urology consultation and decreased revisits for pain. Also, our study may not be generalizable to other states or countries.
In conclusion, among children who presented to the ED with urinary stones urology consultation at the index visit was associated with fewer ED revisits, fewer pain complaints and decreased use of CT.
